General information:
D/L-lysine methylester bishydrochloride, (S,S)-1,2-diaminocyclohexane and (R,R)-1,2diaminocyclohexane were purchased from TCI and used without further purification. L-arginine methyl ester bishydrochloride was purchased from Bachem and used without further purification. (S)-3 [1] and O-allyl-hexaethyleneglycol-tosylate [2] were synthesized according to literature procedures.
Synthetic procedures
Overview: (S)-3 (1.92 g, 3.07 mmol, 1 equiv), 4-hydroxyphenylboronic acid (1.69 g, 12.3 mmol, 4 equiv) and tetrakis(triphenylphosphine)palladium(0) (0.355 g, 0.307 mmol, 0.1 equiv) were dissolved in degassed dimethoxyethane (DME, 50 mL) under argon atmosphere. To that yellow solution, a degassed sodium carbonate solution (2 M, 8.00 mL, 16.0 mmol, 5.2 equiv) was added. The reaction mixture was refluxed under argon atmosphere and monitored by thin layer chromatography. After 5 h, the reaction mixture was allowed to come to room temperature and tetrahydrofurane (200 ml) was added. The organic layer was washed with a saturated ammonium chloride solution (50 mL). The aqueous layer was further extracted with tetrahydrofurane (3 × 100 mL). All organic layers were combined, dried over anhydrous sodium sulfate, filtered and concentrated in the rotary evaporator. The crude product was purified by a silica gel flash column chromatography using a cyclohexane/ethyl acetate mixture (2:1) to obtain (S)-4 as a yellowish white solid (1.43 g, 2.55 mmol; yield 82.7%). Compound (S)-5:
(S)-4 (1.17 g, 2.09 mmol, 1 equiv) and potassium carbonate (0.723 g, 5.24 mmol, 2.5 equiv) were added to acetonitrile (60 mL). The mixture was stirred for 30 minutes, followed by addition of a solution of O-allylhexaethyleneglycol-tosylate (2.19 g, 4.60 mmol, 2.2 equiv) in acetonitrile (20 mL). The reaction mixture was refluxed overnight. After that, it was allowed to come to room temperature and filtered. The solvent was removed to give a brown residue. The residue was re-dissolved in ethyl acetate (100 mL) and the organic layer was washed with a saturated brine solution (2 x 20 mL). The organic layer was dried over anhydrous sodium sulfate, filtered and concentrated in the rotary evaporator. The crude product was purified by a silica gel flash column chromatography using an ethyl acetate/methanol mixture (40:1) to obtain (S)-5 as a yellowish viscous liquid (1.73 g, 1.48 mmol; yield 70.8%). Compound (S)-6: (S)-5 (978 mg, 0.838 mmol, 1 equiv) was dissolved in a tetrahydrofurane/methanol-mixture (1:1, 50 mL). To that solution, Amberlyst ® 15 (419 mg, 1 g/2 mmol) was added and the heterogeneous mixture was refluxed. The reaction was monitored by 1 H NMR. After two days, the reaction was judged to be complete. The mixture was allowed to come to room temperature and filtered to remove the Amberlyst ® 15. The catalyst was washed thoroughly with fresh tetrahydrofurane (2 x 5 mL) and the solvent was removed to give pure (S)-6 (824 mg, 0.763 mmol; yield 91.1%) as a viscous colourless oil. (rac)-6:
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The diol (rac)-6 was prepared accordingly starting from (rac)-3. All analytical data is identical with that for (S)-6. Compound (S)-7:
(S)-6 (700 mg, 0.649 mmol, 1 equiv) was charged in a Schlenk flask and set under argon. Dry pyridine (2.62 mL, 32.5 mmol, 50 equiv) was added and the mixture was stirred for 15 minutes at room temperature. To that solution, freshly distilled POCl3 (303 µL, 498 mg, 3.25 mmol, 5 equiv) was added. The mixture was heated at 60 °C for 16 h under argon atmosphere. Then the reaction mixture was cooled to room temperature, followed by addition of water (2.50 mL). The resulting mixture was heated to 60 °C for 3 h. After cooling to room temperature, it was concentrated under reduced pressure. The residue was dissolved in dichloromethane (20 mL) and washed with 2 M HCl (4 x 10 mL). The organic layer was dried over anhydrous sodium sulfate, filtered and the solvent was removed to give (S)-7 as viscous colourless oil (705 mg, 0.618 mmol; yield 95.2%). Intens. Macrocycle (S)-2 and Catenane (S,S)-1: (S,S)-8 (165 mg, 0.0711 mmol, 1 equiv) was dissolved in dry dichloromethane (50 mL) under argon atmosphere. To that solution, solid 2 nd generation Grubbs' catalyst (6.04 mg, 7.11 µmol, 0.1 equiv) was added and the mixture was stirred at room temperature in the dark. At different time points, 0.5 mL of reaction mixture was withdrawn and progress of the reaction was monitored by RP HPLC equipped with a C18 column. After 24 h, further 2 nd generation Grubbs' catalyst (3.02 mg, 0.00356 mmol, 0.05 equiv) was added and the mixture was stirred for another 24 h. The reaction was judged to be complete and the solvent was removed to give a brown residue, which was dispersed in 50 mL of methanol and sonicated for 5 minutes. The methanol dispersion was filtered through a 0.22 µ PTFE syringe filter to obtain a clear brown solution and the solvent was evaporated in the rotary evaporator, followed by high vacuum to give the crude product as viscous oil (135 mg). The crude mixture was purified by MPLC equipped with a RP18 17g Kronlab column (MeOH with 0.05% TFA : water with 0.05% TFA = 65 : 35 gradient flow firstly up to 85:15 within 48 min, secondly up to 90:10 within 22 minutes, thirdly up to 100:0 within 10 minutes, 15 ml/min) as two major components, (S)-2 (1 st fraction) and (S,S)-1 (2 nd fraction). Purified compounds were then dissolved in dichloromethane (25 mL) and washed with 2 M HCl (2 x 10 mL) to remove the TFA, which was used for the MPLC. The organic layers were dried over anhydrous sodium sulfate, filtered, washed thoroughly with dichloromethane (2 x 5 mL) and the solvent was removed to give the desired products.
HPLC of the crude reaction mixture (135 mg): 
Independent synthesis of macrocycle (S)-2:
For the independent synthesis of the macrocycle (S)-2, the phosphoric acid (S)-7 was subjected to ring-closing metathesis in the absence of calcium: (S)-7 (as the triethylammonium salt, C68H92NO18P, M = 1242.45 g/mol , 16.0 mg, 12.9 µmol) was dissolved in dry toluene (5 ml) under argon atmosphere. To that solution, solid 1 st generation Grubbs' catalyst (2.1 mg, 2.6 µmol, 0.2 equiv) was added and the mixture was stirred at room temperature in the dark. At different time points, 0.25 mL of reaction mixture was withdrawn and progress of the reaction was monitored by 1 H-NMR. After 24 h, further 1 st generation Grubbs' catalyst (2.1 mg, 2.6 µmol, 0.2 equiv) was added and the mixture was stirred for another 24 h. The reaction was judged to be complete and the solvent was removed to give a brown residue. The mixture contained only the macrocyle (S)-2 and no catenane (S,S)-1 as judged by 1 H-NMR and ESI-MS.
DOSY-NMR
DOSY-spectra for (S)-7, (S,S)-8, (S)-2 and (S,S)-1:
DOSY-spectra were recorded on a Bruker DRX 500 spectrometer equipped with a gradient unit (maximum z-gradient of 1200 G/cm) and a DIFF30 probe equipped with a 1 H/ 2 H coil. Analysis of the data was performed using the Steijskal-Tanner-equation for relevant integral areas. Hydrodynamic radii were calculated using the Stokes-Einstein equation assuming spherical particles. Macromodel-calculations for (S)-7, (S,S)-8, (S)-2 and (S,S)-1: Schrödinger MacroModel 10.1 was used for the molecular modeling studies. The calculation was performed on the force field OPLS (optimized potentials for liquid simulations) 2005 choosing chloroform as the solvent. For the collapsed structures, a conformational search (mixed torsional/low-mode sampling) was performed and the lowest energy structure was used. For the extended structures, energy minimization (PCRG, convergence threshold 0.05) was performed using distance constraints, followed by a minimization with removed constraints. The dimensions of the resulting structures were estimated by determining the widths and heights of the structures (see figure S37 to S41), which were then averaged. The resulting averaged diameters of the collapsed and extended structures were used to calculate a time-averaged mean diameter. This is a rather crude methodology and does not take into account other possible conformations, does not account for the different occupancies of the calculated conformations and neglects the exact shape of the molecules for the estimation of their size. However, the resulting mean diameter was used as an indication for the molecular sizes and for comparison with the results obtained by diffusion ordered spectroscopy (see table S2 ). 
ESI-MS/MS measurements
The MS and MS/MS spectra were recorded on a Thermo Scientific Orbitrap LTQ-XL mass spectrometer. MS/MS spectra were produced by CID in the LTQ. The diamines which were employed as guest molecules were used as the corresponding bishydrochlorides. These were either purchased directly (for D/L-arginine methyl ester bishydrochloride, D/L-lysine methyl ester bis-hydrochloride) or the bis-hydrochlorides were generated from the free amines (for (S,S)-and (R,R)-1,2-diaminocyclohexane). This was done by addition of concentrated HCl (4 eq) to a solution of the free diamine in tetrahydrofurane, stirring for 30 minutes, filtration, washing of the solid with tetrahydrofurane and drying in vacuo. The resulting bis-hydrochlorides were dissolved in d6-DMSO to give a clear solution (125 mM).
NMR-titrations:
The NMR-Titrations were performed on a Bruker DRX 500 spectrometer [ 1 H: 500 MHz]. The respective host (0.5 mM in 500 ml of d6-DMSO) was titrated with a solution of the respective guest (125 mM in d6-DMSO, 0.5 to 70 equivalents in 14 steps). 
Data fitting:
The resulting binding isotherms were fitted using Origin® 9.0G and/or Microsoft Excel, respectively. [3] For Origin, the fitting was performed using the nonlinear-fit function, using two independent variables x1 and x2 (for [H]0 and [G]0) to take into account the dilution of [H]0 in the course of the titration. Statistical values for fitting were reported by Origin. For Microsoft Excel, fitting was performed using the SOLVER plugin. The sum of square residues for the calculated ∆δ was minimized by changing K and ∆δmax. The cubic equation for the 2:1 binding was solved using the CUBIC macro. [4] Statistical values were obtained from the SOLVSTAT Macro written by E. J. Billo. [5] The following equations were used for the fitting:
1:1 binding stoichiometry: For [(S,S)-1 2-)(Bu4N + )2)], the Job-plots clearly indicated a 1:1 stoichiometry, which was subsequently used for all data fitting procedures. For [(S)-2 -)(Bu4N + )], the Job-plots hint at a 2:1 host:guest stoichiometry, although the data is not absolutely clear. For this reason, we have fitted the data for the binding to the macrocycle (S)-2 both for a 2:1 and a 1:1 stoichiometry. 
